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57 ABSTRACT 

A vibration motor having an elastic body which is 
conductive, first and Second piezoelectric elements which 
are joined with the elastic body, which harmonically cause 
a longitudinal vibration mode and a bending vibration mode 
to be generated on the elastic body, and which produce 
elliptical movement on the output take off position of the 
elastic body, and a third piezoelectric element which is 
joined with the elastic body, and which converts the vibra 
tions produced on the elastic body to electric Signals. 

31 Claims, 7 Drawing Sheets 

  



U.S. Patent Aug. 3, 1999 Sheet 1 of 7 5,932,952 

FIG, 1(A) 
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FIG. 5(B) 
PRIOR ART 
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VIBRATION MOTOR HAVING ATWO 
PHASE DRIVE OF A LONGITUDINAL 

VIBRATION AND A BENDING WIBRATION 
MODE 

This application is a continuation of application Ser. No. 
08/355,010, filed Dec. 13, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to vibration motor that 
generates a drive force by producing elliptical movement in 
a rod-shaped elastic body, and in particular, it relates to a 
Vibration motor which has a two-phase drive of a longitu 
dinal vibration mode and a bending vibration mode. 

2. Description of the Related Art 
FIG. 6 is a diagram indicating a conventional linear type 

vibration motor. With the conventional linear type vibration 
motor, an excitation transformer 102 is arranged on one edge 
of a rod-shaped elastic body 101, and a damping transformer 
103 is positioned on the other side. Vibrators 102a and 103a 
are joined to transformers 102 and 103. By applying alter 
nate current from an oscillator 102b to excitation vibrator 
102a, rod-shaped elastic body 101 is made to oscillate, and 
this vibration is a progressive wave propagated on rod 
shaped elastic body 101. A moving body 104, which is 
pressure joined to rod-shaped elastic body 101, is driven by 
this progressive wave. 

Meanwhile, the vibration of rod-shaped elastic body 101 
is transmitted to vibrator 103a through damping transformer 
103, and the vibration energy is converted to electrical 
energy by this vibrator 103a. Load 103b connected to this 
vibrator 103a absorbs the vibrations based on the fact that 
electrical energy is consumed. The damping transformer 103 
prevents the production of Standing waves of a mode inher 
ent to rod-shaped elastic body 101 by suppressing the 
reflection of the end surface of rod-shaped elastic body 101. 

The linear type vibration motor shown in FIG. 6 has 
problems Such as only having a moveable range of moving 
body 104, rod-shaped elastic body 101 must be long, the 
entire length of rod-shaped elastic body 101 must be made 
to vibrate, and the motor must be made large Scale. In 
addition, in order to prevent the generation of Standing 
waves of a particular mode, damping transformer 103, for 
example, is necessary. 
To resolve this kind of problem, a variety of self 

advancing type vibration motorS have been proposed. For 
example, there is the “asymmetric degeneracy longitudinal 
L1-bending B4 mode-flat plate motor” which is listed in 
“222 Piezo Linear Motors for the Purpose of Optical Pickup 
Movement” of the “Proceedings of the Fifth Electromag 
netic Force Dynamics Symposium”. 

FIG. 7(A) is a front view diagram, FIG. 7(B) is a side 
view diagram, and FIG. 7(C) is a top view diagram of a 
conventional example of a heteromorphic degeneracy lon 
gitudinal L1-bending B4 mode-flat plate motor. 

Elastic body 1 comprises a rectangular wave flat plate 
shaped base part 1a, and protruding parts 1b and 1c are 
formed on one Surface of base part 1a. Piezoelectric ele 
ments 2 and 3 are fixed to the other side of the base part 1 a 
of elastic body 1, and they are elements that generate a 
longitudinal vibration L1 mode and a bending vibration B4 
mode. 

Protruding parts 1b and 1c of elastic body 1 are provided 
on the antinode position of the bending vibration B4 move 
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2 
ment which is generated on base part 1a, and are pushed by 
Such relative movement members as guide rails (not shown 
in the diagram). 

However, the motor described above in FIGS. 7(A) 
through 7(C) has the problem that it can not be optimally 
controlled because the status of the vibrations of the elastic 
body 1 can not be detected. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a vibration motor that prevents the generation of 
Standing waves of a particular mode. 

It is another object of the present invention to provide a 
vibration motor that can be optimally controlled. 

Additional objects and advantages of the invention will be 
set forth in the description which follows and, in part, will 
be obvious from the description, or may be learned by 
practice of the invention. 

Objects of the present invention are achieved by provid 
ing a vibration motor comprising an elastic body which is 
conductive, first and Second electromechanical conversion 
elements which are joined with the elastic body, which 
harmonically cause a longitudinal vibration mode and a 
bending vibration mode to be generated on the elastic body, 
and which generate elliptical movement on the output take 
off position of the elastic body, and a third electro 
mechanical conversion element which is jointed to the 
elastic body, and which converts vibrations generated on the 
elastic body into electric Signals. 
The above vibration motor further comprises a fourth 

electro-mechanical conversion element which is joined to 
the elastic body, and which transmits the electric potential of 
the elastic body through an electrode provided on the 
Surface. 

According to an aspect of the invention, each of the first 
through fourth electro-mechanical conversion elements are 
provided in a Single electromechanical conversion material. 

According to another aspect of the invention, the third and 
fourth electro-mechanical conversion elements of the above 
ultraSonic motor are provided Such that they are outside the 
first and Second electromechanical conversion elements, and 
are positioned Symmetrically. 
According to Still yet another aspect of the invention, the 

electrode of the fourth electro-mechanical conversion ele 
ment provided on the elastic body is electrically connected 
with the elastic body using a conductive resin. 

According to embodiments of the present invention, a 
Vibration motor can be easily controlled because an electro 
mechanical conversion element for the purpose of detecting 
the status of the elastic body vibration is provided, so that the 
Vibrations may be easily controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the invention 
will become apparent and more readily appreciated from the 
following description of the preferred embodiments, taken 
in conjunction with the accompanying drawings of which: 

FIG. 1(A) is a top view of a vibration motor according to 
a first embodiment of the present invention; 

FIG. 1(B) is a front view of the vibration motor of FIG. 
1(A) according to the first embodiment of the present 
invention; 

FIG. 1(C) is a diagram showing polarization of two 
piezoelectric elements shown in FIG. 1(B). 
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FIG. 1(D) is a diagram showing different polarization 
from that shown in FIG. 1(C), of the two piezoelectric 
elements shown in FIG. 1(B). 

FIG. 2(A) is a diagram showing temporal changes of 
two-phase input voltages that are input to the vibration 
motor of FIG. 1(B); 

FIG. 2(B) is diagram showing the conditions of deforma 
tion of a cross-section of the vibration motor of FIG. 1(B) 
and indicating the temporal changes of the bending vibra 
tions which are generated by the same vibration motor; 

FIG. 2(C) is a diagram showing the conditions of defor 
mation of a croSS-Section of the vibration motor and the 
temporal changes (t1-t9) of the longitudinal vibrations gen 
erated by the same vibration motor; 

FIG. 2(D) is a diagram showing the temporal changes 
(t1-t9) of the elliptical movement that the vibration motor of 
FIG. 1(B) generates on protuberances 11b and 11c. 

FIG. 3 is a block diagram showing a drive control circuit 
of the motor according to the first embodiment. 

FIG. 4 is a diagram of a vibration motor according to a 
Second embodiment of the present invention. 

FIG. 5(A) is a diagram for explaining the installation 
position of one of the electro-mechanical conversion ele 
ments of a vibration motor according to the first and Second 
embodiments of the present invention. 

FIG. 5(B) is a diagram showing a conventional circular 
shaped motor. 

FIG. 6 is a diagram showing a conventional linear type 
vibration motor. 

FIG.7(A) is a front view of a conventional heteromorphic 
degeneracy longitudinal L1-bending B4 mode-flat plate 
motor. 

FIG. 7(B) is a side view of a conventional heteromorphic 
degeneracy longitudinal L1-bending B4 mode-flat plate 
motor. 

FIG. 7(C) is a top view of a conventional heteromorphic 
degeneracy longitudinal L1-bending B4 mode-flat plate 
motor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings, 
wherein like reference numerals refer to like elements 
throughout. 

FIG. 1(A) is a top view and FIG. 1(B) is a front view of 
a ultrasonic vibration motor according to a first embodiment 
of the present invention, whereas FIG. 1(C) shows a polar 
ization of two piezoelectric elements shown in FIG. 1(B). 
An elastic body 11 has a base part 11a and two protuber 

ances 11b and 11c, and piezoelectric elements 12 and 13 are 
arranged on base part 11a. The functions of these elements 
are the same as those indicated in FIG. 7 described above. 

Piezoelectric elements 12 and 13 generate longitudinal 
vibration L1 mode and bending elasticity B4 mode, and are 
affixed to the surface of elastic body 11. Electrode 12a is 
baked onto the Surface of piezoelectric element 12, and 
Voltage from terminal A is applied to piezoelectric element 
12 through electrode 12a. Moreover, electrode 13a is baked 
onto the Surface of piezoelectric element 13, and Voltage 
from terminal B is applied to piezoelectric element 13 
through electrode 13a. 

The directions of polarization in relation to the directions 
of thickness of piezoelectric element 12 and of piezoelectric 
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4 
element 13 are mutually in the same direction. Moreover, the 
voltage of terminal A and the voltage of terminal B have the 
Same frequency and their phases have a discrepancy of only 
JL/2. 

In this embodiment, piezoelectric elements 12 and 13 are 
polarized as shown in FIG. 1(C), and two-phase input 
voltages A and B are applied as indicated in FIG. 2(A) 
described later. 

Moreover, piezoelectric element 14 is bonded to the 
surface of elastic body 11, and electrode 14a is baked on top 
of that. The Surface of electrode 14a contacting piezoelectric 
element 14 has the same electric potential as elastic body 11 
and the Surface of the opposite side of the piezoelectric 
element 14, and that electric potential is transmitted to the G 
terminal through conductive coating material 16. Even if 
attempting to directly affix terminal G to elastic body 11 by 
Soldering, etc., the temperature required for deposition 
escapes into elastic body 11. Thus, in this embodiment, after 
piezoelectric element 14 has been bonded to the surface of 
the elastic body 11, the terminal G, through electrode 14a 
and conductive coating material 16 is connected to elastic 
body 11. 

Piezoelectric element 15 is affixed to the Surface of elastic 
body 11, and electrode 15a is baked onto the surface thereof. 
The status of the vibration of elastic body 11 is found by 
converting the vibration to electric Signals by piezoelectric 
element 15, and then transmitting these electric Signals to 
terminal P through the electrode 15a. The vibration status of 
the quaternary bending vibration B4 mode and the vibration 
Status of the primary longitudinal vibration L1 mode are 
included in this electric Signal in a form that combines the 
two differing vibration modes. Thus, Signals of a size 
roughly corresponding to the combined vibration amplitudes 
in elastic body 11 can be obtained. 

In addition, electrodes 12a and 13a, as well as electrodes 
14a and 15a, have the Same dimensions respectively, and are 
positioned symmetrically to the right and left. For this 
reason, they obtain the same characteristics. 
As indicated in FIGS. 1(A) through 1(C), this vibration 

motor has a configuration in which composite vibrations of 
bending vibrations and longitudinal vibrations occur by the 
application of high frequency Voltages A and B on the two 
piezoelectric elements 12 and 13, respectively, and a drive 
force is produced from this by generating elliptical move 
ment on the ends of protuberances 11b and 11c. Here, G is 
the ground potential. Moreover, the two piezoelectric ele 
ments 12 and 13 are polarized so that they have mutual 
polarity in the same direction, and high frequency Voltages 
A and B have a temporal phase difference of JL/2. However, 
the polarization of the two piezoelectric elements 12 and 13 
may also be in mutually opposite directions as shown in 
FIG. 1(D). 

FIG. 2(A) shows the temporal changes of the two-phase 
high frequency Voltages A and B that are input to the 
vibration motor at times t1-t9. The horizontal axis of FIG. 
2(A) indicates the effective value of the high frequency 
voltage. FIG. 2(B) shows the conditions of deformation of a 
croSS Section of the vibration motor, and indicates the 
temporal changes (t1-t9) of the bending vibrations which 
are generated by the vibration motor. FIG. 2(C) shows the 
conditions of deformation of a croSS Section of the vibration 
motor, and indicates the temporal changes (t1-t9) of the 
longitudinal vibrations generated by the vibration motor. 
FIG. 2(D) shows the temporal changes (t1-t9) of the ellip 
tical movement that the vibration motor generates on pro 
tuberances 11b and 11c. 
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Next, the operation of the vibration motor of the first 
embodiment will be explained for each temporal change 
(t1–t9). 
At time t1, as indicated in FIG. 2(A), high frequency 

Voltage A generates positive Voltage, and high frequency 
Voltage B generates an equal positive Voltage in the same 
way. As indicated in FIG. 2(B), the bending movement 
based on high frequency Voltages A and B cancel each other 
out, and material points Y1 and Z1 have Zero amplitude. 
Also, as indicated in FIG. 2(C), the longitudinal vibration 
based on high frequency Voltages A and B are generated in 
the elongating direction. AS indicated by the arrows, mate 
rial points Y2 and Z2 indicate the maximum elongation 
when Segment X is taken to be the center. Resulting from 
this, as indicated in FIG. 2(D), both of the above vibrations 
are combined, with the combination of material points Y1 
and Y2 making up the movement of material point Y, and 
also, the combination of the movement of material points Z1 
and Z2 making up the movement of material point Z. 
At time t2, as indicated in FIG. 2(A), high frequency 

Voltage B is Zero, and high frequency Voltage A generates a 
positive voltage. FIG. 2(B) shows that the bending move 
ment generated by high frequency Voltage A material point 
Y1 oscillates in the positive direction, and material point Z1 
oscillates in the negative direction. Moreover, as shown in 
FIG. 2(C), longitudinal vibration is generated by high fre 
quency Voltage A, and material point Y2 and material point 
Z2 contract more than at time t1. As a result, as shown in 
FIG. 2(D), both the bending movement and longitudinal 
vibrations combine, and material points Y and Z move by 
circulating clockwise relative to time t1. 
At time t3, as shown in FIG. 2(A), high frequency Voltage 

A generates positive Voltage, and at the same time, high 
frequency Voltage B generates an equal negative Voltage. AS 
shown in FIG. 2(B), the bending movement caused by high 
frequency Voltages A and B combine and are amplified, 
material point Y1 is amplified in the positive direction more 
than at time t2, and indicates the maximum positive ampli 
tude value. Material point Z1 is amplified in the negative 
direction more than at time t2, and indicates the maximum 
negative amplitude value. Moreover, as shown in FIG.2(C), 
the longitudinal bending caused by high frequency Voltages 
A and B cancel each other out, and material points Y2 and 
Z2 return to their original positions. As a result, as shown in 
FIG. 2(D), both of the above vibrations combine, and 
material points Y and Z move by circulating clockwise 
relative to time t2. 

At time t1, as shown in FIG. 2(A), high frequency Voltage 
A becomes Zero, and high frequency Voltage B generates 
negative voltage. As shown in FIG. 2(B), bending move 
ment is generated by high frequency Voltage B, and the 
amplitude of material point Y1 is lower than at time t3, and 
the amplitude of material point Z1 is lower than at time t3. 
Moreover, as shown in FIG. 2(C), longitudinal bending is 
generated by high frequency Voltage B, and material points 
Y2 and Z2 contract. As a result, as shown in FIG.2(D), both 
of the above vibrations combine, and material points Y and 
Z move by circulating clockwise relative to time t3. 
At time ts, as shown in FIG. 2(A), high frequency Voltage 

A generates negative Voltage, and at the same time high 
frequency Voltage B generates an equal negative Voltage. AS 
shown in FIG. 2(B), the bending movement based on high 
frequency Voltages A and B cancel each other out, and 
material points Y1 and Z1 become Zero amplitude. 
Moreover, as shown in FIG. 2(C), the longitudinal bending 
based on high frequency Voltages A and B is generated in the 
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6 
contracting direction. AS shown by the arrows, material 
points Y2 and Z2 indicate the maximum contraction when 
Segment X is taken to be the center. As a result, as shown in 
FIG. 2(D), both of the above vibrations combine, and 
material points Y and Z move by circulating clockwise 
relative to time ta. 

Following the changes at time to-t9, bending movement 
and longitudinal bending are generated in the same way as 
the principles described above, and as a result, as indicated 
in FIG. 2(D), material point Y and material point Z. move by 
circulating clockwise, and undergo elliptical movement. 

According to the principles above, this type of Vibration 
motor is configured to generate a drive force by generating 
elliptical movement at the ends of output take off members 
(protuberances) 11b and 11c. Consequently, when applying 
the ends of protuberances 11b and 11c to a stator 19, elastic 
body 11 self-advances in relation to fixed part 18. 

FIG. 3 is a block diagram showing the drive control 
circuit of a vibration motor according to the first embodi 
ment. The output from oscillator 21 is frequencies corre 
sponding to the quaternary bending vibration B4 mode and 
primary longitudinal vibration L1 mode of the members 
configured from elastic body 11 and piezoelectric elements 
12-15. Phase shifter 22 produces a 1/2 phase difference on 
the output of the oscillator 21, to effect the same difference 
between the high frequency Voltage Signals A and B. The 
output of amplifier 24 is input to electrode 12a through 
terminal A, and the output of amplifier 23 is input to 
electrode 13a through terminal B. 
The output of terminal P is input to comparator 25. 

Comparator 25 compares a pre-Set Voltage from Standard 
Voltage generator 26 with the output of terminal P, and 
oscillator 21 is controlled such that when the output of 
terminal P is Small, the frequency is lowered, or if the output 
of terminal P is large, the frequency is increased. By doing 
this, the vibration amplitude of the vibration motor may be 
maintained at a fixed level. 

FIG. 4 is a diagram of a vibration motor according to a 
Second embodiment of the present invention. 
The parts of the motor in the second embodiment which 

have the same functions as in the first embodiment are given 
the Same reference numerals, and redundant explanations 
are omitted. 

In the vibration motor of the Second embodiment, a Single 
piezoelectric element 17 for comprising piezoelectric ele 
ments 12, 13, 14, and 15 of the first embodiment is affixed 
onto the surface of elastic body 11, and the electrodes 12a, 
13a, 14a, and 15a are baked onto that Surface. If this is done, 
piezoelectric element 17 can be affixed in one operation, and 
manufacturing is simplified. 

FIG. 5(A) is a diagram explaining positions for installing 
the piezoelectric element 15 of the vibration motor accord 
ing to the first embodiment of the present invention. If the 
piezoelectric (detecting vibration) element 15 is provided at 
a position A-3 relative to the elastic body 11 as shown in 
FIG. 5(A), the piezoelectric (detecting vibration) element 15 
can not detect a vibration of the elastic body 11 because of 
the positioning of a node of vibration of the elastic body 11. 
If the piezoelectric (detecting vibration) element 15 is pro 
vided at a position A-2 relative to elastic body 11, the 
piezoelectric element (detecting vibration) element 15 is 
capable of detecting a vibration of the elastic body 11 
because of escaping a node position of Vibration of the 
elastic body 11. If the piezoelectric (detecting vibration) 
element 15 is provided at a position A-1 relative to the 
elastic body 11, the piezoelectric (detecting vibration) ele 
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ment 15 is capable of detecting a vibration of the elastic 
body 11 better than the case shown for position A-2 because 
of escaping a node position of Vibration of the elastic body 
11. 

In FIG. 5(B), there is shown a known circular shape 
Vibration motor on which the piezoelectric elements have 
been connected to pick up terminal P. Reference is made to 
Japanese Patent Publication Number Sho 58-77380 and U.S. 
Pat. No. 4,510,411 for a further explanation of this type of 
motor. However, because there are no vibration Sections as 
in the vibration motor according to the embodiments of the 
present invention, the circular shaped vibration motor may 
have any position on the Surface of the elastic body. 

In the embodiments of the present invention, piezoelectric 
element 15 for vibration detection is provided in a position 
that avoids being directly over the vibration Section (position 
A-1). If the piezoelectric element 15 is provided in a position 
symmetrical to the left and right of the vibration section, the 
Vibrations cancel each other out, and the vibrations of elastic 
body 11 cannot be detected (position A-3). In addition, if the 
piezoelectric element 15 is in an asymmetrical position 
(position A-2), even if one part is directly over the vibration 
Section, detection is possible. 
AS explained in detail above, and according to the 

embodiments of the present invention, a vibration motor can 
be easily controlled because vibrations are controlled by 
providing electro-mechanical conversion elements for 
detecting the vibration Status of the elastic body. 

Although a few preferred embodiments of the present 
invention have been shown or described, it would be appre 
ciated by those skilled in the art that changes may be made 
in these embodiments without departing from the principles 
and Spirit of the invention, the Scope of which is defined in 
the claims and their equivalents. 
What is claimed is: 
1. A vibration motor, comprising: 
an elastic body having first and Second Surfaces opposite 

each other, Said elastic body having conductivity; 
first and Second electro-mechanical conversion elements, 

connected to the first Surface of Said elastic body, to 
harmonically generate a longitudinal vibration and a 
bending vibration on Said elastic body, and to produce 
elliptical motions on Said elastic body; and 

a third electro-mechanical conversion element connected 
to the first Surface of Said elastic body and arranged at 
a position Such that a center of Said third electro 
mechanical conversion element is offset from a node of 
at least one of Said longitudinal and bending vibrations 
on Said elastic body, to convert the longitudinal and 
bending vibrations to electrical signals. 

2. The vibration motor as claimed in claim 1, further 
comprising: 

a fourth electro-mechanical conversion element, having 
an electrode Spaced apart from Said elastic body, and 
connected to the first Surface of Said elastic body, to 
transmit an electric potential of Said elastic body 
through the electrode. 

3. The vibration motor as claimed in claim 1, wherein said 
first through third electro-mechanical conversion elements 
are provided in a single electro-mechanical conversion 
material. 

4. The vibration motor as claimed in claim 2, wherein said 
first through fourth electro-mechanical conversion elements 
are provided in a single electro-mechanical conversion 
material. 
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8 
5. The vibration motor as claimed in claim 2, wherein: 
Said first through fourth electro-mechanical conversion 

elements are linearly arranged; 
Said first and Second electro-mechanical conversion ele 

ments are adjacent to each other, and Said third and 
fourth electro-mechanical conversion elements are 
arranged on opposite Sides of Said first and Second 
electro-mechanical conversion elements, and 

Said third and fourth electro-mechanical conversion ele 
ments are Symmetrical about an imaginary plane 
extending perpendicular to the first and Second Surfaces 
and between said first and Second electro-mechanical 
conversion elements. 

6. The vibration motor as claimed in claim 4, wherein: 
Said first through fourth electro-mechanical conversion 

elements are linearly arranged; 
Said first and Second electro-mechanical conversion ele 

ments are adjacent to each other, and Said third and 
fourth electro-mechanical conversion elements are 
arranged on opposite Sides of Said first and Second 
electro-mechanical conversion elements, and 

Said third and fourth electro-mechanical conversion ele 
ments are Symmetrical about an imaginary line extend 
ing perpendicular to the first and Second Surfaces of 
Said elastic body and Said first and Second electro 
mechanical conversion elements. 

7. The vibration motor as claimed in claim 2, further 
comprising: 

a conductive resin electrically connecting the electrode of 
Said fourth electro-mechanical conversion element with 
Said elastic body. 

8. The vibration motor as claimed in claim 4, further 
comprising: 

a conductive resin electrically connecting the electrode of 
Said fourth electro-mechanical conversion element with 
Said elastic body. 

9. The vibration motor as claimed in claim 2, wherein said 
first through fourth electro-mechanical conversion elements 
are piezoelectric elements. 

10. The vibration motor as claimed in claim 1, wherein 
Said elastic body further comprises first and Second protu 
berances extending from the Second Surface, wherein the 
elliptical motions are produced at positions of Said elastic 
body corresponding to Said first and Second protuberances. 

11. The vibration motor as claimed in claim 1, wherein an 
imaginary line which bisects Said third electro-mechanical 
conversion element and is perpendicular to the direction of 
said longitudinal vibration is offset from the node of at least 
one of the vibrations on said elastic body. 

12. A vibration motor comprising: 
a vibration member including an elastic body; and 
an electro-mechanical converting element which is 

attached to a plane of the elastic body and has first and 
Second input portions, 
wherein Said vibration member generates a first vibra 

tion and a Second vibration by applying a first 
periodic signal to the first input portion of the 
electro-mechanical converting element and a Second 
periodic Signal with different phases from the first 
periodic Signal to the Second input portion of the 
electro-mechanical converting element, So as to pro 
duce elliptic motions on the elastic body without 
generating a travelling wave, and 

wherein Said electro-mechanical converting element 
has an output portion which is arranged separately 
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from Said first and Second input portions and at a 
position Substantially at an antinode of at least one of 
the first and Second vibrations, and converts at least 
one of the first and Second vibrations to an electrical 
Signal. 

13. The vibration motor as claimed in claim 12, 
wherein said first vibration is a longitudinal vibration 

which vibrates in a direction substantially parallel to 
the plane, and the Second vibration is a bending vibra 
tion which vibrates in a direction Substantially perpen 
dicular to the direction of the first vibration. 

14. A vibration motor which receives first and second 
time-varying Voltages, comprising: 

a linear elastic body having a top Surface and a bottom 
Surface opposite each other, and having conductivity; 

first and Second electro-mechanical conversion elements 
formed on the top Surface of Said elastic body, adjacent 
to each other, and having respective first and Second 
electrodes Spaced apart from Said elastic body and 
receiving the first and Second time-varying Voltages, 
respectively, Said first and Second electro-mechanical 
conversion elements harmonically generating a longi 
tudinal vibration and a bending vibration on Said elastic 
body and producing elliptical motions on Said elastic 
body; and 

a third electro-mechanical conversion element formed on 
the top Surface of Said elastic body and arranged at a 
position Such that a center of Said third electro 
mechanical conversion element is offset from a node of 
at least one of Said longitudinal and bending vibrations 
on Said elastic body, to convert the longitudinal and 
bending vibrations to electrical output signals. 

15. The vibration motor as claimed in claim 14, further 
comprising: 

a fourth electro-mechanical conversion element formed 
on the top Surface of Said elastic body, to transmit an 
electric potential of Said elastic body to an external 
circuit. 

16. The vibration motor as claimed in claim 15, wherein 
each of Said first through fourth electro-mechanical conver 
Sion element are formed in a Single electro-mechanical 
conversion material. 

17. The vibration motor as claimed in claim 15, wherein 
the first and Second time-varying Voltages have a same 
frequency and a phase difference of JL/2 with respect to each 
other. 

18. The vibration motor as claimed in claim 15, further 
comprising: 

a third electrode formed on Said third electro-mechanical 
conversion element and Spaced apart from Said elastic 
body; 

a fourth electrode formed on said fourth electro 
mechanical conversion element and Spaced apart from 
Said elastic body; and 

wherein each electrode of said first through fourth electro 
mechanical conversion elements are baked onto a Sur 
face of the respective electro-mechanical conversion 
element. 

19. The vibration motor as claimed in claim 14, wherein 
Said first and Second electro-mechanical conversion ele 
ments have a polarity in a Same direction as each other. 

20. The vibration motor as claimed in claim 14, wherein 
Said first and Second electro-mechanical conversion ele 
ments have a polarity in an opposite direction as each other. 

21. The vibration motor as claimed in claim 14, further 
comprising first and Second protuberances Spaced apart from 
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10 
each other, extending from the bottom Surface of and per 
pendicular to Said elastic body, wherein the elliptical 
motions are produced at positions of Said elastic body 
corresponding to Said first and Second protuberances. 

22. The vibration motor as claimed in claim 15, further 
comprising first and Second protuberances Spaced apart from 
each other, extending from the bottom Surface of and per 
pendicular to Said elastic body, wherein the elliptical 
motions are produced at positions of Said elastic body 
corresponding to Said first and Second protuberances. 

23. The vibration motor as claimed in claim 21, wherein 
Said third electro-mechanical conversion element is asym 
metrical with respect to an imaginary plane perpendicular to 
the top and bottom Surfaces of Said elastic body and cutting 
through the center of the one of Said first and Second 
protuberances nearest Said third electro-mechanical conver 
Sion element. 

24. The vibration motor as claimed in claim 22, wherein 
Said third electro-mechanical conversion element is asym 
metrical with respect to an imaginary plane perpendicular to 
the top and bottom Surfaces of Said elastic body and cutting 
through the center of the one of Said first and Second 
protuberances nearest Said third electro-mechanical conver 
Sion element. 

25. The vibration motor as claimed in claim 15, further 
comprising: 

a drive control circuit comprising, 
an oscillator to generate output Voltages having frequen 

cies corresponding to the longitudinal and bending 
Vibrations on Said elastic body; 

a phase shifter to shift the output voltages by a predeter 
mined phase to generate phase shifted Voltages, 

Said output Voltages and phase shifted Voltages being used 
as the first and Second time-varying Voltages, respec 
tively; and 

a comparator comparing a pre-Set Voltage with Said elec 
trical output signals from Said third electro-mechanical 
conversion element to generate a comparison Signal, 
Said comparison signal being transmitted to Said oscil 
lator to adjust a frequency of the output Voltages. 

26. The vibration motor as claimed in claim 15, wherein 
each of Said first through fourth electro-mechanical conver 
Sion elements is a piezoelectric element. 

27. The vibration motor as claimed in claim 14, wherein 
an imaginary line which bisects Said third electro 
mechanical conversion element and is perpendicular to the 
direction of said longitudinal vibration is offset from the 
node of at least one of the vibrations on Said elastic body. 

28. The vibration motor as claimed in claim 27, 
wherein said first vibration is a longitudinal vibration 

which vibrates in a direction substantially parallel to 
the plane, and the Second vibration is a bending vibra 
tion which vibrates in a direction Substantially perpen 
dicular to the direction of the first vibration. 

29. A vibration motor comprising: 
a vibration member including an elastic body; and 
an electro-mechanical converting element which is 

attached to a plane of the elastic body and has first and 
Second input portions, 
wherein Said vibration member generates a first vibra 

tion and a Second vibration by applying a first 
periodic signal to the first input portion of the 
electro-mechanical converting element and a Second 
periodic Signal with different phases from the first 
periodic Signal to the Second input portion of the 
electro-mechanical converting element, So as to pro 
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duce elliptic motions on the elastic body without 
generating a travelling wave; and 

wherein Said electro-mechanical converting element 
has an output portion which is arranged Separately 
from Said first and Second input portions and at a 
position Such that a center of the output portion is 
offset from a node of at least one of the first and 
Second vibrations, and converts at least one of the 
first and Second vibrations to an electrical Signal. 

30. A vibration motor comprising: 
an elastic body having first and Second Surfaces opposite 

each other, Said elastic body having conductivity; 
an electro-mechanical converting element connected to 

the first Surface of Said elastic body, and having an 
electrode to receive an electric energy, to harmonically 
generate a longitudinal vibration and a bending vibra 
tion on Said elastic body, and to produce elliptical 
motions on Said elastic body; and 

an output portion Spaced apart from Said electrode and 
connected to the first Surface of Said elastic body and 
arranged at a position Such that a center of Said output 
portion is offset from a node of at least one of Said 
longitudinal and bending vibrations on Said elastic 
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body, to convert the longitudinal and bending vibra 
tions to an electrical Signal. 

31. A vibration motor which receives first and second 
time-varying Voltages, comprising: 

a linear elastic body having a top Surface and a bottom 
Surface opposite each other, and having conductivity; 

an electro-mechanical converting element formed on the 
top Surface of Said elastic body and having an electrode 
Spaced apart from Said elastic body and receiving the 
first and the Second time-varying Voltages, Said electro 
mechanical converting element harmonically generat 
ing a longitudinal vibration and a bending vibration on 
Said elastic body and producing elliptical motions on 
Said elastic body; and 

an output portion Spaced apart from Said electrode and 
formed on the top Surface of Said elastic body and 
arranged at a position Such that a center of Said output 
portion is offset from a node of at least one of Said 
longitudinal and bending vibrations on Said elastic 
body, to convert the longitudinal and bending vibra 
tions to an electrical output signal. 
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